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INTRODUCTION
Conductivity-Temperaure-Depth (CTD) probes
have now become a common and standard tool for
oceanographic studies and they are routinely used
onboard oceanographic research vessels. Never-
theless, oceanographers have to cope with a num-
ber of problems which make necessary careful
acquisition procedures and post-survey analysis to
obtain reliable, good quality data. Many of the
problems which may arise when performing CTD
casts are quite well known, e.g. the short-term
mismatch between the temperature and conductiv-
ity sensors which produces salinity and density
spikes. A less known, though not less important,
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SUMMARY: The importance of correcting for the thermal-lag effect in Sea-Bird CTD data is established for the strongly
stratified waters of the Mediterranean thermocline in summer. Data collected with a SBE-25 CTD during an in situ experi-
ment in the Balearic Sea in early summer are analysed. From the comparison between down and upcasts data, a large ther-
mal-lag effect that contaminates the salinity data by errors up to 0.1 psu is diagnosed. A standard correction procedure is
applied and results are discussed.
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RESUMEN: EFECTO DE INERCIA TÉRMICA EN SBE-25 CTD: IMPORTANCIA EN LA CORRECCIÓN DE DATOS OBTENIDOS EN EL
MEDITERRÁNEO DURANTE EL VERANO. – Se establece la importancia de corregir el efecto de inercia térmica en datos obtenidos
con un CTD Sea-Bird para las aguas estratificadas de la termoclina de verano en el Mediterráneo. Se analizan datos colec-
tados con un CTD SBE-25 durante un experimento in situ en el Mar Balear a principios de verano. Mediante comparación
de los perfiles de bajada y subida, se diagnostica un efecto de inercia térmica importante que produce errores de hasta 0.1
psu en salinidad. Se aplica un método de corrección estandar y se discuten los resultados obtenidos.
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mismatch problem, which only has received atten-
tion in the last few years, is the thermal-lag effect
of the conductivity sensor due to heat stored in the
body of the sensor. The characteristic timescale of
the thermal-lag error is usually long (tens of sec-
onds) compared with short-term mismatch errors
(tenths of second). It can be diagnosed from the
observation of a systematic offset between salinity
down and upcasts.
The thermal-lag effect can lead to large salini-
ty errors in regions characterized by sharp vertical
temperature gradients. From this point of view, the
Mediterranean must be considered as critical. Due
to the strong insolation and mild wind regime in
summer, a sharp seasonal surface thermocline
develops from May to September in the upper 100
meters. The main objective of this note is to show
the importance of the thermal lag error in data col-
lected in the Mediterranean during summer in
order that Mediterranean oceanographers become
aware of that problem. The analysis and discus-
sion presented below show that recent laboratory
calibration is not sufficient to ensure good quality
of the data. Indeed, the magnitude of the salinity
error due to the dynamical response of a conduc-
tivity sensor crossing a sharp thermocline often
exceeds the effect of a possible descalibration of
the sensor. In practice, this means that systematic,
careful post-survey analysis and correction of
CTD data is almost always necessary as a first step
to remove leading order thermal-lag errors and
ensure measurements accuracy.
INSTRUMENTS AND METHODS
Our study of the thermal-lag effect is based on
CTD casts performed with a Sea-Bird Electronics
Inc.  SBE-25 probe (model SBE-25-01, hereinafter
SB1) in the framework of a series of monthly hydro-
graphic surveys (March 1996 - July 1996) aiming at
monitoring the seasonal variability of the water flux-
es through the Balearic channels (Western Mediter-
ranean). This SBE-25 was intercalibrated in situ dur-
ing the CNL-0596 cruise (May 14-17, 1996, onboard
R/V García del Cid) against another SBE-25 (model
SBE-25-01, hereinafter SB2). Both SB1 and SB2 use
a TC duct and a pump that maintains a constant flow
rate and ensures that temperature (T) and conductivi-
ty (C) measurements are made on the same parcel of
water. The sampling frequency (scan rate) is 8 Hz.
Typical errors as given by the manufacturer are 0.004
ºC, 0.0003 S/m and 2 m for temperature, conductivi-
ty and pressure respectively (typically 0.005 psu for
salinity). SB2 was used for the first time since its cal-
ibration (performed at Ocean Scientific International,
UK) one week before the cruise. The intercalibration
experiment was realised by lowering both CTDs at
the same time, the cages being tied together side by
side without Carousel water sampler. As a result of
this intercalibration experiment, a slight negative con-
ductivity offset, varying with temperature, was found
in SB1 data. The corresponding calibration coeffi-
cient was actualized leading to a maximum salinity
correction of the order of 0.02 psu at highest temper-
atures (>20 ºC).
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FIG. 1. -  Down (ooo) and up (***) casts profiles of temperature (a) and salinity (b).
The thermal-lag effect in Sea-Bird CTDs is now
rather well known and documented (Lueck and
Picklo, 1990; Morison et al., 1994). In our data, this
effect was first detected during the intercalibration
experiment in May 1996, at the beginning of sum-
mer stratification. From this point of view, the
behaviour of both SBE-25 probes across the ther-
mocline was found to be exactly similar, confirming
the inherence of thermal-lag effect to Sea-Bird
probes and the validity of the deterministic correc-
tion model proposed by Lueck and Picklo (1990).
RESULTS
Diagnosis of the thermal-effect
The CTD data analysed below were collected
onboard the R/V Odón de Buen during the CNL-
0696 cruise (June 10-13, 1996), one month after
intercalibration. A series of 37 CTD casts were per-
formed with SB1 without Carousel water sampler.
The CTD speed into the water was maintained near-
ly constant at 1m/s during both down and upcasts.
Data were averaged every 2 scans during acquisition
producing raw data with a time interval of 0.25 s.
Data collected at Station 16 (located in the Ibiza
channel) can be considered to be representative of
the whole data set and they are used below to illus-
trate our observations. Temperature shows that a
strong summer thermocline had developed at the
time of the cruise, characterised by a temperature
contrast of 23 ºC at the surface and 13 ºC at 50
meters (Fig. 1a). No significant difference was
found between down and upcasts data. In salinity
however, a drastic offset between down and upcasts
is observed showing the significance of the thermal-
lag effect (Fig. 1b). In every station, upcast salinity
is systematically lower than downcast involving dif-
ferences up to 0.15 psu. The corresponding T-S plot
shows how seriously down and upcasts water mass-
es characteristics are unconsistent in the thermocline
(Fig. 2), indicating that disparities are not the result
of internal waves which would preserve T-S proper-
ties. Careful plotting of temperature and conductivi-
ty profiles below 30 m (Fig. 3) shows good agree-
ment between down and upcast temperature where-
as conductivity is systematically biased, upcast mea-
surements being lower than downcast (differences
up to 0.01 S/m). This allows to discard a possible
wake effect during the upward motion of the probe
(sensors sampling turbulent waters being dragged
behind the probe) which would also produce a sys-
tematic offset in temperature. It actually indicates
that conductivity, to which salinity calculation is
very sensitive, is the problematic variable. The exis-
tence of a systematic offset in conductivity between
down and upcast is in agreement with the theory of
thermal-lag effect affecting SBE CTDs crossing
sharp temperature gradients. During downcast, the
probe moves from warm to cold waters through the
sharp thermocline. As it is lowered, the heat stored
in the sensor body diffuses into the water being sam-
pled in the vicinity of the conductivity sensor raising
artificially conductivity and consequently salinity.
Reversely, when the probe moves upward from cold
to warm waters, conductivity and salinity are artifi-
cially lowered.
Correction for the thermal-lag effect
Following the recommendation by Lueck and
Picklo (1990), the correction of conductivity for
thermal-lag effect can be achieved by applying a
recursive filter depending on two parameters α and
β. The correction on conductivity at scan n (Cn) is
written as:
Cn=-βCn-1+γα(Tn-Tn-1)
where T is temperature and γ the sensitivity of
conductivity to temperature given by the manufac-
turer as:
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FIG. 2. -  Down (ooo) and up (***) casts T-S plots.
γ=0.1(1+0.006(Tn-20))
α and β are two parameters describing the ampli-
tude of the error and its time constant respectively.
A module (“CELLTM”) for carrying out this correc-
tion is actually available in SBE software ‘SEA-
SOFT’ and the manufacturer, on the basis of the
study by Morison et al. (1994), recommends values
of 0.03 and 1/8 for α and β respectively. These stan-
dard values are valid for the typical flow rate about
0.03 l/s maintained by the pump through the ducted
sensors. They were used in a first step to correct our
conductivity data. Though consistency between
down and upcast salinity was improved, there still
remained a slight offset.
Morison et al. (1994) asserts that α and β should
actually be calculated in each station and proposed a
method for their determination based on minimisa-
tion of T-S deviations between down and upcast. We
applied the same principle by simple visual appreci-
ation of T-S disparities and values for α and β were
tuned until obtaining a good agreement between
down and upcast T-S properties (Fig. 4). It gave us
values of 0.03 and 1/14 for α and β respectively. The
corrected salinity profiles obtained by using these
last values appear now to be much more consistent
(Fig. 5) and this correction appeared to be valid for
the other casts performed during the cruise. The
value of α and β found this way remains well with-
in the range proposed by Lueck and Picklo (1990)
who used a similar pumping flow rate. These
authors found a dependence of their model on the
water flow rate through the sensors, suggesting that
for no-ducted sensors the correction would depend
on the CTD speed during the cast.
DISCUSSION
CTD data acquisition with SBE-25 probes with-
in a sharp thermocline such as the one developing in
the Mediterranean in summer underlies a serious
salinity (and density) bias due to the thermal-lag
effect on conductivity measurements. This appears
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FIG. 3. -  Down (ooo) and up (***) casts profiles of temperature (a) and conductivity (b).
FIG. 4. -  Down (ooo) and up (***) casts T-S plots after thermal-lag
correction.
as a systematic offset between down and upcast
salinity data (lower salinity during upcast than
downcast). Correction for this effect is a necessary
step for the obtention of good-quality data, a partic-
ularly critical requirement in climatologic hydro-
graphic monitoring. This can be automatically
achieved by running a ‘SEASOFT’ module with two
adequate parameters which can be easily tuned until
obtaining a satisfactory consistency between down
and upcast salinity.
The result of the correction for thermal-lag effect
indicates that the corrected salinity profile takes
intermediate values between down and upcast salin-
ity. Differences between corrected and uncorrected
salinity were computed for both down and upcasts
(Fig. 6). Though maximum errors are similar in
down and upcast salinity (practically 0.1 psu!), it
seems that uncorrected upcast data are indeed closer
to actual values in this particular case. The follow-
ing observation can also be made. Errors are small-
er in downcast than upcast at the surface and
inversely below the thermocline (note that downcast
salinity error is still significant between 40 and 70
m, say below the base of the thermocline located at
40 m). This can be explained by the fact that the
thermal-lag effect has a relative long time-scale (of
the order of 30 s) that means that conductivity mea-
surements are altered up to 30 m (if the CTD moves
at a typical speed of 1 m/s) away from the tempera-
ture gradient after crossing it. When the CTD was
lowered, downcast conductivity was biased when
entering the thermocline and down to 70 m (30
meters below the base of the thermocline) until the
warmed sensor body temperature reached the ambi-
ent value. During upcast, conductivity began to be
seriously altered only when penetrating into the base
of the thermocline at 40 m but thermal inertia
degraded conductivity up to the surface after cross-
ing the thermocline.
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FIG. 6. -  Down (ooo) and up (***) casts thermal-lag salinity errors
estimated as εs = Scorrected - Suncorrected .
FIG. 5. -  Down (ooo) and up (***) casts profiles of salinity after
thermal-lag correction.
